Abstract: Background: Over 70% of patients are prescribed antibiotics during their intensive care (ICU) admission. The gut microbiome is dramatically altered early in an ICU stay, increasing the risk for antibiotic associated diarrhea (AAD) and Clostridium difficile infections (CDI). Evidence suggests that some probiotics are effective in the primary prevention of AAD and CDI. Aim: To demonstrate safety and feasibility of a probiotic drink in ICU patients. Methods: ICU patients initiated on antibiotics were recruited, and matched with contemporary controls. Study patients received two bottles daily of a drink containing 10 billion Lactobacillus casei which was bolused via feeding tube. Tolerance to probiotics and enteral nutrition, development of adverse events, and incidence of AAD was recorded. CDI rates were followed for 30 days post antibiotic treatment. Results: Thirty-two patients participated in the trial. There were no serious adverse events in the probiotic group, compared to three in the control group. AAD was documented in 12.5% of the probiotic group and 31.3% in the control group. One patient in the probiotic group developed CDI compared to three in the control group. Discussion: A probiotic containing drink can safely be delivered via feeding tube and should be considered as a preventative measure for AAD and CDI in ICU.
Background
Antibiotics are amongst the most prescribed medications worldwide, and are particularly common place in the Intensive Care Unit (ICU). The US Centers for Disease Control indicates that 55% of all hospitalized patients receive at least one antibiotic during their hospital stay. In ICU, this number increases to greater than 70%, often with multiple antibiotics [1] . Antibiotic treatment can disturb the colonization resistance of gastrointestinal flora resulting in antibiotic-associated diarrhea (AAD) caused by pathogenic bacterial overgrowth [2] . Of the patients who develop AAD, approximately 1/3 will develop Clostridium difficile infection (CDI) [2] . Clostridium difficile toxin is the pathogen most often associated with adverse events in the ICU. In Canada, hospital acquired CDI increases healthcare costs four-fold [3] . In addition, one of every ten patients who acquires CDI in Canadian hospitals will die [4] . McDonald et al. has demonstrated that the microbiome of patients admitted to the ICU differs dramatically from that of healthy patients [5] . Treatments used in the ICU, including antibiotics, low blood flow to the gut, together with lack of enteral nutrition can reduce the population of known of probiotics has been completed on medication based probiotics, however, to the authors' knowledge, has never been completed on probiotic foods/beverages [23] .
We conducted the trial to demonstrate that a probiotic beverage, readily available commercially in a Canadian setting, could be a viable option for probiotic delivery in our local ICU environment where all patients enrolled received nutrition by nasogastric or oral-gastric tube. Research has shown benefit of a similar probiotic treatment in a non-ICU setting in patients on oral diets but there is limited research to support the feasibility of a probiotic yogurt drink in the ICU [18, 19] . There is medical consensus, as supported by numerous recent publications, to decrease antibiotic usage throughout hospitalization, making antimicrobial stewardship a top priority within acute and long term care facilities. Other risk factors for development of AAD and CDI include hospitalization, increasing age and multiple comorbidities [23] .
The purpose of this study is to determine feasibility of delivering a probiotic yogurt as a prevention strategy of AAD in critically ill adults. Our primary goal is to determine safety and feasibility of administering a probiotic containing drink via gastric feeding tube or by addition to oral diet. The secondary outcome to be measured is the occurrence of AAD and CDI.
Methods
Population: The study population consisted of 32 ICU patients, matched with respect to age, BMI, and severity of illness. This pilot study aimed to recruit a convenience sample of ICU patients initiated on antibiotic therapy. Ethical approval to conduct the study was provided by the University of Alberta Health Research Ethics Board. The case-controlled trial attempted to follow the CONSORT guidelines and the STROBE statement for reporting parallel group randomized trials [24, 25] . Patients were recruited from a single ICU in a 25-bed academic teaching hospital. The ICU research nurses identified patients that met study inclusion criteria, and offered participation to the study to immediate family members.
Inclusion Criteria for Patients to Be Offered Enrolment
age > 18 years with immediate family able to provide written informed consent; -prescribed one or more antibiotic in ICU; -functional intact gastrointestinal tract; and -anticipated ICU stay of >72 h after enrollment.
Exclusion criteria:
received oral or IV antibiotics for >48 h in hospital; -received a course of antibiotics in the past 30 days; -history of CDI in previous 90 days; -poor prognosis and not anticipated to survive the probiotic treatment period; -one of the following medical diagnoses: immunosuppression, bowel resection, artificial heart valve, infective endocarditis, rheumatic heart disease, pancreatitis, or inflammatory bowel disease; -permanent resident in long term care; -known to regularly consume probiotics; and -history of milk allergy or intolerance to dairy products.
During the study, the investigators adjudicated whether the diarrhea was secondary to antibiotics, promotility agents or disease-based. Each enrolled subject was matched with a contemporary control. The control patients were chronologically recruited at the same time as the probiotic patients were being enrolled. If they met all inclusion and exclusion criteria, they served as a study control. Reasons that patients were not included in the treatment group were that family was not available to provide consent or the time to potential consent was greater than 48 h. Interventions: Study patients received a probiotic yogurt drink, Danactive ® (Danone, Boucherville, QC, Canada) containing 10 billion cfu of Lactobacillus casei sp. Paracasei CNCM I-1518 (formally DN-114 001) [26] . This is the same product that demonstrated effectiveness in prevention of AAD in the Hickson trial [18] . The probiotic was stored as per industry recommendations. Once participants began antibiotic therapy, probiotic therapy was initiated within 48 h of receiving their first antibiotic. One container (93 mL) of the probiotic liquid was bolused twice daily when patients were being fed with a feeding tube. Administration times differed from antibiotic administration times by 2 h or greater when possible. The tube was flushed with 30 mL sterile water pre-and post-administration times, as per standard unit protocol for medications or supplements. All patients were fed continuously by enteral nutrition as per standard ICU protocol; nutritional assessment of energy and protein requirements, and enteral formula selection was determined by the ICU dietitian in conjunction with the medical staff. The ICU dietitian monitored the patients for nutritional adequacy and complications as part of routine care.
The probiotic drink was provided twice daily to patients consuming an oral diet. Researchers, together with nursing staff, verified participant's consumption and recorded missed or refused drinks to assess compliance. Once antibiotic therapy was completed, probiotic therapy continued for seven days while the patient remained in the ICU. Probiotic treatment was discontinued at the time of ICU discharge. Nutritional status and feeding tolerance was monitored by ward dietitians, as per usual nutrition care post ICU discharge. Demographic markers recorded included age, gender, admitting diagnosis, co-morbidities and severity of illness (APACHE II). All study data collected is listed in Table A1 .
Outcome Markers that Were Measured Include
Incidence of diarrhea related to antibiotic administration while in the ICU-defined as three or more bowel movements per day or greater than 750 mL liquid stool-was determined retrospectively using the electronic medical record. When diarrhea continued for greater than three consecutive days, in conjunction with antibiotic administration, the diarrhea was defined as AAD.
Incidence of CDI was per laboratory confirmation by stool enzyme immunoassay for enterotoxin A or cytotoxin B produced by C. difficile bacteria.
Hospital acquired CDI was defined as presence of C. difficile toxins after 72 h of hospitalization. A positive CDI result that occurs within 72 h of hospitalization is defined as community-acquired CDI as defined by national policy [27] . The risk of antibiotics causing diarrhea was graded and included in the outcomes analysis. The percentage of assessed energy and protein was recorded daily, as enteral feed intake greater than 60% in combination with antibiotics in ICU has been previously cited as a risk factor for development of diarrhea [28] .
Estimates of oral food consumed (0-50% OR 50-100%) was taken when patients were transitioned to an oral diet. The energy and protein from the probiotic drink was included in the calculation of energy/protein in the probiotic group. Use of parenteral nutrition was recorded but not included in the calculation of energy and protein intake. Gastrointestinal tolerance was assessed daily inclusive of incidence of diarrhea, and nausea and vomiting. Antibiotic usage and route were recorded daily. Concomitant use of anti or pro-motility agents, bowel routine medications and opioid use was recorded. The probiotic drink was continued for the length of time the patient received antibiotics in ICU, and for seven days post discontinuation of antibiotics if patient remained in ICU. If antibiotics discontinued and restarted within 48 h we resumed study probiotic treatment. If antibiotics stopped for >48 h, and restarted, no further study probiotic treatment was given beyond the seven days from the initial discontinuation of antibiotics or at ICU discharge (whichever was earlier). WBC, albumin and C-reactive protein were recorded if done as standard of care while on study treatment. All stool cultures done were monitored for a positive or negative finding of Clostridium difficile toxin A or B. Probiotic treatment was discontinued upon discharge from the ICU. Length of ICU and hospital stay was recorded. After the treatment period, subjects entered a follow-up period. During the follow up period, all subjects were evaluated for outcome markers at seven days from last dose of the probiotic drink.
Thirty days after final antibiotic dose, we reviewed subject's paper and/or electronic health care records. We specifically noted stool culture results, incidence of diarrhea or other significant adverse events and any further antibiotic use. Significant adverse events related to dysfunction of the gastrointestinal tract were monitored. These included: insertion of rectal tube for diarrheal control, emesis, requirement for parenteral nutrition, and need for surgical management of GI tract.
Statistical Analysis: Fisher's exact test was used to compare rates of AAD and CDI. Results were compared to case controls not receiving probiotic treatment. The acceptability of the product was monitored through researcher's record of consumption of twice daily probiotic. With a two-sided alpha of 0.05 and a power of 80% to detect an absolute difference between the patients with AAD in the placebo (previously assessed at 30%) and probiotics, we estimated we needed a sample size of 300. This study aimed to enroll 40 patients to determine efficacy and feasibility of the protocol.
Results
The study population consisted of 32 ICU patients. Mean age of the study patients was 59.9 and 57.5 years in the probiotic and control groups, respectively. Mean APACHE II score was 25.5 and 25.88 in the probiotic and control groups, respectively. The majority of patients in both groups were non-surgical patients (Table 1) .
Compliance to probiotic intake and adverse events from probiotics were documented throughout the study. Compliance with the probiotic drink was noted to be 92%, with NPO status serving as the main reason for non-compliance. All antibiotics were graded for their risk of developing diarrhea (Table 2) . During the study, two investigators adjudicated whether the diarrhea was secondary to antibiotics, promotility agents or disease-based causes. In the event of a discrepancy, a third investigator was asked to adjudicate the cause of diarrhea. Incidence of AAD and CDI was determined. Two patients (12.5%) in the treatment group developed AAD compared to five patients (31.3%) in the control group. The incidence of AAD was similar to previously defined AAD rates from unpublished quality review statistics of our ICU. Since the definitions of AAD are diverse and the incidence of diarrhea in ICUs is high, we chose the more stringent definition for this trial (three or more bowel movements for three days or more) [18, 19] . One patient in the probiotic group developed CDI at Day 5 (6%) compared to three patients in the control group (18.75%) ( Table 3) . There were three serious adverse events in the control group: two patients required rectal tubes for management of intractable diarrhea, one of these patients required a hemicolectomy and parenteral nutrition support for 23 days (eight days of PN alone and 15 days of combined PN/EN). There were three incidents of emesis in the probiotic group, which was adjudicated as secondary to probiotic administration.
The nutritional requirements of both groups were similar; energy needs were met in 73.9% of probiotic group and 68.1% of control group; 74.1% of protein requirements were met in the probiotic group compared to 69.8% of protein needs met in control group (Table 4 ). All patients were fed initially by EN, and then transitioned to oral diet later in their ICU admission. Number of days on EN and enteral formula selection were similar for both groups (Table 4) . No differences were shown with respect to ICU and hospital survival or length of stay. 10.9 ± 5.2 10.6 ± 5.5 0.884 Enteral Nutrition, days mean ± SD 10.4 ± 7.5 11.0 ± 6.64 0.824 Oral Nutrition, days mean ± SD 3.5 ± 4. 
Discussion
We have shown that a probiotic containing drink can be safely delivered via naso/oralgastric feeding tube in the ICU, and is acceptable for oral consumption once patients transition to an oral diet. Three episodes of emesis that could be attributed to the administration of the probiotic drink were noted. This may be attributed to the high osmolality of a flavored commercial product of probiotic drink. The osmolality of fruit flavored yogurts has been estimated at 871 mOsm/kg compared to the osmolality of commonly used EN (300-650 mOsm/kg) [6, 29] . A hospital based protocol implemented in Oregon uses an unflavored kefir product that is diluted 50:50 with water, and flushed with 30 mL water pre-and post-delivery [20] . An unflavored version of the commercial product used in our study is currently not available, but results may demonstrate the need for a diluted product, slower infusion time with the 93 mL product, and ideally an unflavored product.
Although no statistical significance was shown, the incidence of AAD in combination with high risk antibiotic administration is noteworthy. There was no difference in the incidence of CDI between the probiotic and control groups; one patient in the probiotic group developed CDI on Day 5 and did not experience any serious adverse effects; in contrast, three patients in the control group developed CDI and went on to develop severe adverse events: rectal tubes ×2 for intractable diarrhea, 23 days PN course for one patient and a hemicolectomy for the same patient. Two of these patients developed CDI in ICU while receiving antibiotics while the third patient developed CDI on Day 30 after transfer to the ward while continuing antibiotic treatment. There were no major adverse events in the probiotic group.
The trial was successful in recruiting 32 patients despite screening 850 patients over 25 months. Of all patients screened, 307 (36%) were ineligible due to intake of antibiotics over the previous 30 days. Although antibiotic stewardship is advocated, ICU patients are often medically treated for a variety of comorbidities prior to ICU admission, often involving initiation of antibiotics. We demonstrated safety and feasibility of a probiotic drink in enterally fed critically ill patients. The low recruitment rate demonstrates the need to begin probiotics earlier on surgical and medical wards, or in the community, when antibiotics are ordered. Due to the high prevalence of established antibiotic regimes in ICU patients, research into probiotics as secondary prevention post-antibiotics initiation needs to be explored. Although some adjustments may be required for enterally fed patients in dilution and rapidity of administration, probiotic beverages can be safely administered in appropriate patients and is an acceptable product for patient's oral consumption. Patients consumed 100% of the oral probiotic offered independent of therapeutic or consistency diet modifications.
The strength of our study was the successful timing of the probiotic delivery to be within 48 h of antibiotic treatment commencing, and the exclusion of patients that had been on antibiotics in the month prior to probiotic initiation. Patients consistently received 2 doses/day of probiotic drink providing 20 billion Lactobacillus casei organisms/day with 92% compliance independent of whether receiving nutrition by tube or by mouth.
One of the limitations of the study is that the majority of ICU patients are exposed to antibiotics prior to ICU admission, making primary prevention of AAD and CDI more difficult to assess. As a pilot, the study was not powered to demonstrate the efficacy of a probiotic drink in preventing AAD or CDI. The study was case-controlled and was not blinded, and the decision to send stool for C. difficile analysis was practitioner dependent. An unflavored version of the study product is not available, and osmolality of the probiotic drink is not known and may have been a factor in the three incidents of emesis in the probiotic cohort. For logistic reasons, probiotic therapy was not continued post ICU discharge, and patients were not followed for incidence of diarrhea following ICU discharge. We did follow patients throughout their hospitalization for positive CDI results. Although our sample size was small, the incidence of AAD and CDI in our study is consistent with AAD and CDI rates in larger trials where statistical significance was achieved using this probiotic drink.
Conclusions
Previous Cochrane reviews and meta-analyses have concluded there is moderate quality evidence to suggest that probiotic prophylaxis results in a large reduction in diarrhea associated with CDI, without an increase in clinically important adverse events. This conclusion was drawn despite heterogeneity of probiotics used. Recent meta-analyses of probiotic effectiveness have demonstrated that probiotics are significantly more effective if given closer to the time of the first antibiotic dose.
The results of this trial have demonstrated that a Lactobacillus casei beverage can safely be added to EN of ICU patients. ICU patients have historically been excluded from probiotic trials in view of safety concerns, however, due to the large number of high risk antibiotics prescribed, along with the high incidence of AAD, these patients may have the most to gain. Although positive benefits of probiotics in ICU have been realized with a decrease in infectious episodes, including CDI, immunocompromised patients should continue to be excluded due to safety concerns [30] .
Patients find the commercially available probiotic beverages acceptable and have demonstrated a willingness to consume while taking an oral diet. This pilot points to the need to assess a probiotic drink as standard adjunctive preventative therapy for all ICU patients at risk for AAD and CDI. Due to the routine exposure to antibiotics in ICU, the evaluation of probiotics as secondary prevention to patients already established on antibiotics needs further exploration. It appears that a Lactobacillus probiotic drink is feasible and safe for ICU patients, however, optimal dose and strain remains elusive. A cost-effectiveness analysis is required to determine if a commercially available probiotic drink added to patients' oral diets or EN is efficacious and provides a viable alternative to probiotic supplements for the prevention of AAD and CDI in ICU and hospitalized patients.
